ABSTRACT We assessed the use of 15N-labeled di etary proteins as a possible tool for the determination of the true Â¡leal amino acid (AA) digestibility in pigs. The first experiment was designed to study the dietary N excretion pattern at the ileum subsequent to the in gestion of a single 15N-labeled meal. In a second experi ment, we compared Â¡leal endogenous AA outputs and true AA digestibility estimates obtained in pigs ingest ing '""N-labeled dietary proteins in a single meal vs. in travenous infusion of [ Njleucine for 10 d during the ingestion of a pea-based diet and a protein-free starch diet. The proportion of endogenous N found in the Â¡leal digesta differed when the label was delivered orally (50%) vs. intravenously (72%) and changed with time. As a consequence, the true Heal AA digestibilities mea sured with labeled diets were lower. A third experiment demonstrated that this was due to the rapid recycling of labeled dietary N in endogenous moieties, because I5N was found in blood within 10 min of consuming the labeled meal, within 50 min of consumption in pancre atic enzymes, 90 min in bile and 4 h in Â¡leal mucins. We conclude that the use of I5FS-labeled meals for determi nation of true Â¡leal AA digestibilities is limited by the fast recycling of dietary IS in endogenous secretions following a single 15N-labeled meal. The accuracy of results will depend on meaningful estimates of AA flow during a limited period and accurate estimates of 15N in AA.
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Evaluation of the true ileal digestibility of dietary proteins and amino acids (AA) in pigs is essential to improve growth and reduce production costs and nitro gen excretion in the environment. This implies distin guishing between the flows of endogenous and dietary AA at the ileum. Nitrogen-free diets can help in esti mating the amount of endogenous N compounds found in the ileal digesta, but it is now recognized that this method markedly underestimates the value (de Lange et al. 1990 ). To distinguish the two kinds of AA in protein feeding conditions, the isotope dilution method using 15Nis required. The method consists in perfusing 15N-labeled leucine in the blood of pigs consuming the studied protein (Souffrant et al. 1982) . The labeled AA is incorporated in the digestive secretions, and the dilu tion of 15Nmeasured in the digesta gives an estimation 1Reported in part at the following symposia: Leterme, P., ThÃ©wis, A., Genot, L., FranÃ §ois,E. and Wathelet, B. |1993) Determination of the true ileal digestibility of amino acids in pigs by means of I5N-labeled diets. First Int. Symposium on Nitrogen Flow in Pig Produc tion and Environmental Consequences, Wageningen (The Nether lands], June 8-11; Leterme, P., van Leeuwen, P., ThÃ©wis, A., Huisman, J. & FranÃ §ois,E. (1994) Determination of the true ileal digestibility of pea amino acids by means of 15N-labeled diets or animals. Vlth of the amount of endogenous N. Though attractive, the method has some drawbacks, because the 15Nenrich ment of the endogenous secretions is not easy to deter mine. Moreover, the method is based on one labeled AA, and to obtain data for the others, the endogenous AA profile must be estimated with N-free diets. All these uncertainties lead to inaccuracies and an overestimation of the true ileal protein digestibilities (de Lange et al. 1990 , Lien et al. 1994 .
The use of 15N-labeleddietary proteins has been pro posed to distinguish between endogenous and dietary N in the digesta collected throughout the small intes tine of pigs (Gebhardt et al. 1977) or humans (Mahe et al. 1994 ) but never for true ileal AA digestibility determinations. With this method, all the dietary AA are 15N-labeledand this complete labeling would allow both fractions to be differentiated. However, some di etary AA quickly reach the blood (Leterme et al, 1993) and from there can be incorporated in the digestive secretions. Rapid recycling would prevent such distinc tion.
Three experiments were conducted on pigs to verify the acceptability of using l5N-labeled dietary proteins for the above-mentioned purpose. The first was devoted to the pattern of the endogenous/dietary N ratio in the ileal digesta with time and the distinction between endogenous and dietary AA. A second experiment was designed to compare ileal endogenous AA outputs and true AA digestibility estimates obtained with the in gestion of 15N-labeleddietary proteins in a single meal vs. intravenous infusion of [15N]leucine during the in gestion of a pea-based diet and a protein-free starch diet. The third experiment was conducted to follow the rate of recycling of the dietary N in the endogenous secretions.
MATERIALS AND METHODS
Animals. Large White breed barrows (Experiments 1 and 2) were provided by Genes Diffusion (Douai, France) and the Dutch Landrace x Yorkshire cross breeds by the ILOB-TNO (Wageningen, The Nether lands). All were fitted with a post-valve T-cecal can nula (PVTC) as described by van Leeuwen et al. (1991) . In the second experiment, the barrows were first surgi cally prepared with the PVTC cannula. After recovery, half were fitted with one catheter at the carotid artery for [15N]leucine infusion and one at the jugular vein for blood sampling. For Experiment 3, three pigs were surgically prepared using a technique developed by Hee et al. (1985) for pancreas cannulation. A cannula was used to conduct pancreatic juice from a small isolated segment of duodenum that receives the pancreatic duct, through a fistula and back into the duodenum, near the normal entry point for pancreatic juice. One pig was also fitted with a re-entrant catheter at the biliary duct and four other pigs with a permanent cathe ter (Suelear tubing; Degania, Israel; internal diameter 1.5 mm) at the jugular vein. Experiments 1 and 3 were conducted under the guidelines of the Belgian Ministry of Agriculture for animal research; Experiment 2 re ceived approval of the control committee of care and treatment of experimental animals of the Dutch Minis try of Agriculture.
Diets. Peas (variety Solara)and wheat (variety Camp Remy) were grown on plots of 16m2 and received 4 g N/m2 at the sowing date and at the flowering stage, in the form of ammonium nitrate. For each crop, one parcel was treated with double-labeled fertilizer (15NH415NO3; 5%-enrichment for Experiment 1 and 10% for Experiments 2 and 3; ICON, Summit, NJ) at the flowering stage. After harvest, peas (0.76 and 0.95 atom-% excess, respectively) and wheat (0.92 atom-% excess) were ground through a 3.5-mm mesh screen. The pea content in the diet was chosen so as to not exceed the pig protein requirements (170 g kg"1 diet)
and to avoid problems of palatability (Table 1 ).The two diets of Experiment 1 were formulated to contain an equal amount of fiber. All the diets were supplemented with 3 g Cr2O3/kg diet as a marker. Experiment 1. Four cannulated Large White bar rows (50 Â±2 kg body wt) were used in a cross-over design experiment with two barrows per period per diet. They received, for 5 d and in two meals (0830-1630 h), 60 g dry matter/(kg WÂ°75-d) (W075: metabolic weight) of the unlabeled experimental diet before re ceiving one 15N-labeled meal. The next three meals were identical but unlabeled. Immediately after the meal, the cannulas were opened and the digesta col lected for 36 h continuously by means of plastic bags attached to the cannula. Every jet of digesta was col lected, weighed and frozen, and the time of excretion noted. The barrows then received a balanced diet for 5 d before receiving the other experimental diet. Condi tions remained similar during the second period.
Experiment 2. Eight cannulated piglets (20 Â±1 kg body wt) were assigned to a diet containing peas for 5 d (Table 1) . Four of the eight were then surgically pre pared with a catheter at the jugular vein and another at the carotid artery. The 10-d blood infusion of the 15N solution (5 mg [15N]leucine/kg W075;95% enrichment) started the next day; 48 h after surgery, the piglets had recovered the normal intake. Blood samples were col lected once a day (11 h) for the first 7 d and twice (8-20 h) for the last 3 d. Ileal digesta were collected for the last 3 d (8-20 h). The other piglets received the same diet for 9 d and ileal digesta were collected for the last 3 d. On d 8, they received a single 15N-labeled pea meal. All the digesta samples were collected hourly and separately kept at -18Â°C. After the experiment, the animals received, for 1wk, the same diet supplemented with methionine and tryptophan. Four of the piglets were then randomly allocated to a protein-free diet (Ta- 1Paper pulp, Cellulose des Ardennes, Harnoncourt, Belgium.
2 Oil: coin-groundnut-soybean (1:1:1). 3 Premix |/kg diet): 10 g dicalcium phosphate, 5 g chalk, 5 g NaClÂ¡30 g commercial mineral and vitamin mixture (Brichart, Sombreffe, Belgium] containing (per kg|: 120 g Ca; 45 g P; 30 g NaÂ¡15 g MgÂ¡ 4 g ZnO; 1.8 g FeSCU; 3.2 g FeO; 1 g MnO; 0.5 g CuSO4; 2 mg CoSO4, 25 mg Kl; 70 mg retinol; 100 /ig cholecalciferol; 30 mg thiamin; 100 mg riboflavin,-215 mg niacin; 140 mg pyridoxine,-50 mg cyanocobalamin,-2400 mg dl-a-tocopherol; 20 mg menadione; 4 mg biotin; 30 mg folie acid; 3 g ascorbic acid; 10.44 g choline.
4 As estimated from INRA (1989).
ble l ) for 5 d, and the digesta were collected for the last 3 d (8-20 h). Experiment 3. Four male Large White barrows (40 Â±2 kg body wt) were fitted with a PVTC cannula and a catheter at the jugular vein, three others with a pan creatic cannula, and the last one with a biliary cannula. The barrows were fed twice daily 90 g dry matter/) kg WÂ°7S. d) of a pea-based diet (Table 1) .After 5 d of adapta tion, they received one meal with 15N-labeled peas.
The ileal digesta were collected for 12 h by means of plastic bags fixed to the cannula. Every jet of digesta was collected and immediately frozen. Blood samples were collected every 10 min for the first hour, every 15 min for the next 2 h and every 30 min thereafter,-samples were immediately centrifuged and the super natant frozen. Samples (10 mL) of pancreatic juice and bile were collected every 15 min for 2 h and every 30 min for the last 4 h. In order not to disturb the pancre atic secretions, the amount of pancreatic juice col lected was compensated for by reinjecting an equal amount of unlabeled juice, collected the preceding day, kept at -18Â°C during the night and re-warmed to 38Â°C before injection.
Chemical analyses. The diet ingredients were ana lyzed for nitrogen (Kjeldahl method), neutral and acid detergent fiber using a Fibertec analyzer (Perstorp Ana lytical, Helsingborg, Sweden), and fat was extracted with diethyl ether. Prior to fiber determination, the pea and wheat samples were boiled for 1 h in a thermosta ble a-amylase solution (Termamyl 120L, Novo Nordisk, DK; 1%).
The digesta were finely ground (1-mm mesh screen, Pulverisette-14, Fritsch, Idar-Oberstein, Germany) and analyzed for nitrogen, AA, chromium oxide and I5N enrichment. The AA were analyzed by gas chromatography (DB1 column, I & W Ltd, Folsom, CA) using heptafluorobutyryl isobutyl ester amino acid deriva tives Tenaschuk 1979a and 1979b) . Cysteine and methionine were determined by ion ex change chromatography using a Pharmacia-LKB Plus II analyzer (Uppsala, Sweden) after oxidation with performic acid. Tryptophan was not analyzed. The chro mium content was determined by titration with Mohr's salt after nitric acid-percloric acid digestion, as described by FranÃ §oiset al. (1978) .
The AA in the digesta were separated by preparative ion exchange chromatography using an Aminex Q-15S (Bio-Rad, Hercules, CA) resin, packed in a Pharmacia XK1.6/100 column maintained at 50Â°Cand elution with the buffers of Moore et al. (1958) . The AA were detected spectrophotometrically (570 nm) after reac tion of a small fraction with ninhydrin and cleaned by passage on an Amberlite (CG 120) column (12 x 2.5 cm) before freeze-drying.
The blood samples were immediately centrifuged for plasma isolation and treated twice with a 0.6 mol/L trichloroacetic (TCA) solution for protein precipita tion. The plasma proteins and pancreatic enzymes of the samples were precipitated with a 0.6 mol/L TCA solution and freeze-dried before analysis. The TCA-soluble fraction was divided in three parts. The first one was devoted to 1SN analysis. The second one was used for isolation of the free AA by passage on a cationexchange resin (Amberlite IR 120, Fluka 6428). The AA were recovered with NH4OH (4 mol/L); ammonia was then discarded by evaporation, and the samples were rinsed twice with distilled water and boiled. The third fraction was treated with a urease (catalogue no. U-1500, Sigma Chemical, St. Louis, MO) to isolate the urea N by adding 100^L of a urease solution (100 g/ L) to 10 mL of the TCA-soluble solution, previously brought to pH 7 with NaOH. After 5 min of incubation, ammonia was released by addition of anhydrous MgO, distilled with steam and recovered in a 0.02 mol/L H2SO4 solution. All the isolated fractions were freezedried before 15N analysis (see below). Bile was partly treated for urea N isolation, the other part being freezedried.
In Experiment 3, a small fraction of ileal digesta was also used for mucin isolation by putting 3 g of digesta in 25 mL of a 0.15 mol/L NaCl solution. After centrifugation (12000 x g, 30 min, 4Â°C), 15 mL of the superna tant was added to 22 mL of ethanol (0Â°C), kept for one night at -20Â°C and centrifuged (1400 x g, 10 min, 4Â°C).
The precipitate was recovered in 15 mL of the NaCl solution, treated again and freeze-dried. It was mainly composed of raw mucus contaminated by covalently bound proteins. The latter were discarded by treatment with proteases (Pronase), and mucin was then purified by two gel nitrations as described by .
The samples of digesta, individual AA, plasma TCAsoluble fraction, mucin, bile and pancreatic juice were analyzed for their 15N enrichment with an automatic elemental analyzer (Roboprep, Europa Scientific, Crewe, U.K.) coupled to an isotope-ratio mass spec trometer (IRMS: SIRA 12, VG, Manchester, U.K.). The samples containing from 70 to 90 (Â¿g of N were put in small tin cups. Every batch of six samples was brack eted with reference material of similar 15N content to correct any drift and minimize errors.
Calculations. The proportion of endogenous N or AA in the ileal digesta was calculated as follows:
15 N-labeled diets: Endogenous N (% total N) = 100-(15N digesta x 100)/15N diet 15N-labeled animals: Endogenous N = (15N digesta x 100)/15N plasma TCA-soluble where 15N digesta, 15N diet and 15N plasma TCA-solu ble are the 15N enrichments measured in the ileal digesta, dietary proteins and plasma TCA-soluble frac tion, respectively. Following consumption of a labeled meal, the ratio of 15N enrichment of the digesta to that of the dietary protein allows calculation of the propor tion of dietary N in the digesta and, by difference, that of the endogenous N (see equations). The same princi ple is applied at the AA level. It is also the same when the digestive secretions are labeled, but with the diffi culty that the latter cannot be isolated for 15N enrich ment determination.
A reference easy to isolate and with the same 15N enrichment as the digestive secre tions must be used. The deproteinized plasma, i.e., the fraction soluble in a TCA solution, has generally been used because it contains the free AA of blood, the main precursor pool of the digestive secretions.
Statistical analyses. Results are presented as means Â±so. Analysis of variance was used, followed by a paired or unpaired Student's t test for the comparison of two means and the multiple comparison test of Newman-Keuls in the other cases, using a computerized statistical software package (Instat, GraphPad, San Diego, CA).
RESULTS

Experiment 1. The pattern of the 15N enrichment
evolution in the ileal digesta, following a labeled meal intake, was compared with that of chromic oxide (Fig.  1) . The patterns of 15N and Cr2O3 were similar, sug gesting that most of the 15Nwas included in the dietary proteins. A staggering of the 15N evolution with time would have rather suggested a fast recycling of the 15N absorbed in the digestive secretions. The proportion of dietary N in the digesta was maximal from 3 to 9 h postprandial with the pea diet and from 4 to 11 h with the wheat diet and then abruptly decreased. The pres ence of Cr2O3 after the plateau indicates dietary N re maining from the preceding diet, but the higher 15N flow with the wheat-based diet also suggests a release of 15N present in the digestive secretions.
The endogenous AA flows could not be determined, because the chromic oxide was incorporated only in the 15N-labeled meal. However, we were able to deter mine the proportion of both endogenous and dietary AA in the ileal digesta ( Table 2 ). The samples corre sponding to the plateau of 15Noutput (4 to 9 h postpran dial for peas and 6 to 11 h for wheat) were pooled and analyzed for 15N enrichment of their AA. The propor tion of endogenous AA in the digesta thus correspond to a minimal value, because the dietary AA excretion is maximal at that moment. The higher value obtained for the wheat diet is due to its lower protein content.
The different profiles obtained for the diets could be due to the different effects caused by wheat and peas on the digestive secretions. The sampling could also be an important factor, because the pooled samples were limited to the plateau of 15N excretion. This could lead to an increase in variability, as illustrated by the high SD obtained for most of the AA. Finally, methodologi cal problems cannot be excluded. The method devel oped for AA separation and 15N analysis in the AA was adapted to the material available (preparative ion exchange chromatography and IRMS requiring l mg N/ sample). Owing to N impurities in reagents, 15N isoto-LETERME ET AL.Pea As previously observed (Leterme et al. 1996a ), theflow of proline obtained with the N-free diet was mark edly higher than that of the other AA ( 2 Exogenous and endogenous proportions were calculated for each amino acid from their 15N enrichment in the digesta and in the dietary proteins, during the plateau of !5N-excretion, i.e., from 4 to8 h after l5N-pea intake and 6 to 11 h after^N-wheat intake. extrapolated for a whole day, because the digesta mea sured were collected from 4 to 8 h after the meal, i.e. at a time when the endogenous proportion was the lowest. Therefore, the values obtained are lower than those measured by Huisman et al. (1992) with the [15N]-leucine infusion technique: 30.6 g crude protein/kg dry matter intake for a diet containing spring peas.
As expected, the apparent AA digestibilities ob tained with the pigs receiving either the labeled diets or the blood infusion of [l5N]leucine were similar (Ta ble 4). We cannot explain the differences for histidine and valine. Because of the different endogenous AA flows estimated, the average true AA digestibilities also were significantly different. If we exclude the two above-mentioned AA, the difference between both true ileal digestibilities for the individual AA is significant for only five. However, the ileal flow of endogenous glycine measured in pigs fed N-free diets is usually like that of proline, i.e., high and very variable from one experiment to another. It is thus not surprising to find differences for these AA. Finally, the main differences were observed for lysine, threonine and alanine. When proline is removed and the weighted mean taken into account, the difference is greatly reduced and no longer significant.
Experiment 3. Plasma, pancreatic juice and bile contain nonprotein nitrogen that could interfere with the observations. Therefore, a distinction was made between these components and the main components, i.e., the blood free AA, pancreatic enzymes and biliary salts. As previously observed (Leterme et al. 1993) , some 15Nwas already found 10 min postprandially in the blood free AA (Fig. 3) . The TCA-soluble fraction, containing the nonprotein N, followed the same pat tern. The 15Nenrichment of urea increased at a lower rate. On the contrary, the increase in plasma proteins was by far the lowest of all the N compounds. Pancre atic enzymes and biliary salts are difficult to isolate from digesta. Therefore, samples of pancreatic juice and bile were collected immediately after secretion. The 1SNenrichment of the pancreatic enzymes and of bile followed more or less the same pattern, but 15N appeared more rapidly in the pancreatic enzymes (50 min postprandially vs 90 min for bile). On the other hand, the rate of enrichment of urea was faster in bile than in the pancreatic juice. Urea represented about 15% of the biliary N and from 20 to 40% of the pancre atic N.
Some 15N-labeled dietary AA reached the ileum 3 h after the meal. A plateau (0.55 atom-% excess) was observed 4 h postprandially. Some 15Nappeared in the mucin isolated from the digesta 4 h after the meal, and the level of enrichment remained low. To ascertain that the purified mucin was not contaminated by exog enous proteins covalently bound to the glycoproteins, we also analyzed the 15Nenrichment of these contami nating N compounds. Some 15Nappeared in this mate rial more quickly than in mucin, showing that the lat- 4 Proportion of each amino acid in the digesta is considered.
Proportion of endogenous amino acids in Heal digesta of pigs collected from 4 to 8 h after meals and Heal flow of endogenous amino acids measured by means of an UN-labeled diet or the combination between the 15N-leucine infusion technique and the N-free diet incliniti Â¡
ter was correctly isolated. The AA profile of the puri fied mucin was also identical to that obtained by and for Pronase-digested pig small intestinal glycoprotein.
DISCUSSION
The endogenous/dietary N ratio in ileal digesta, sub sequent to the ingestion of a meal, is quite variable with time (Fig. 1) . Due to the fast recycling of 15N-labeled dietary N in the endogenous compounds, the collection of ileal digesta samples intended for true il eal AA digestibility determinations must be limited in time. The great variability of the endogenous/dietary N ratio would rather suggest a total collection, in order to have more representative samples. A solution to the dilemma was proposed here by limiting the digesta col lection to the plateau of I5N excretion. The ratio is stable and reproducible, and the samples contain a quantity of undigestible dietary AA that makes them more representative for AA digestibility determina tions. On the other hand, the collection limitation makes it necessary to resort to using an indigestible marker for AA flow determination and prevents us from determining the total endogenous AA flow, be cause the proportion of endogenous AA in the collected samples is minimal.
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2 Proportion of each amino acid in the digesta is considered.
such as the isolation of the precursor pool or the blood sampling, could lead to an overestimation of the true ileal N digestibilities. However, a rapid recycling of the dietary N in the digestive secretions that would instead cause an underestimation was also suspected. The data from Experiment 3 confirmed that our suspicions were founded: the dietary 15Nappeared very quickly in the endogenous secretions. The ileal digesta retained for true digestibility determinations thus contained con taminated endogenous N, but at an unknown level.
The close values of true ileal digestibility obtained with both methods suggest a low contamination of the endogenous N, all the more because the [15N]leucine infusion technique slightly overestimates the true di gestibilities and because the differences of endogenous AA flows and true digestibilities between the tech niques are significant only for a limited number of AA. However, these assumptions require further investiga tions because the [15N]leucineinfusion technique cou pled to the N-free diet also requires validation.
Following a labeled meal, the delay between the meal and the appearance of 15Nin the ileal endogenous N compounds is a function of the time needed for the organs to incorporate the dietary AA in their secretions and of the time necessary for the latter to reach the terminal ileum. Data obtained for pancreatic enzymes and bile on one hand and for mucin on the other pro vide information for the first and second step, respec tively. Ileal digesta contain both gastric and intestinal mucus, secreted earlier in the stomach and along the small intestine. The delay explains why mucin ap peared to be labeled later than pancreatic juice and bile in our samples. The ileal digesta retained for digestibil ity determinations (i.e., 4-8 h postprandially) thus con tained substantial amounts of 15N-contaminated en dogenous N.
A pig weighing 40-50 kg secretes daily from 19 to 26 g N in the lumen (Leterme 1995) . From 70 to 80% is reabsorbed before reaching the end of the small intestine (Krawielitzki et al. 1990 , Souffrant et al. 1993 ). The amount of each endogenous secretion lost at the ileum is probably not proportional to the amount secreted, because it depends on the rate of hydrolysis and the presence of dietary factors (fibers, antinutritional compounds, etc) . It is thus very diffi cult to evaluate the level of contamination of the en dogenous proteins lost at the ileum during the 1SN excretion plateau, all the more because it varies from one endogenous compound to another, as illustrated by the difference observed among pancreatic en- zymes, bile, urea and ileal mucin (Fig. 2) . Moreover, before being sloughed off, the epithelial cells take into the lumen the part of the AA they need for their own syntheses (Alpers 1972) .
Plasma
The suspected overestimation due to the use of [15N]-leucine infusion could have different causes. The TCAsoluble fraction of blood is taken as a reference for the 15N enrichment of the endogenous secretions because it contains the free AA, i.e., the main precursor pool of the proteic secretions, and is easy to isolate. How ever, it also contains nonprotein N compounds such as urea and creatinine, which are less enriched than the free AA. The dilution of the reference enrichment leads to the above-mentioned overestimation (Lien et al. 1994) . Moreover, the 15N enrichment of the blood free AA is quite variable following a meal, and this calls into question the problem of representativity of the blood samples when the latter are limited.
This approach is also dependent on the major as sumption that the AA in the body are contained in a single homogeneous pool into which the dietary AA enter and from which the AA are supplied for the syn thesis of proteins and excretory products. This concept assumes uniform distribution of N throughout the body and free exchange between the AA of the pool. The fact that the values of whole-body protein synthe-sis vary according to the 15N-labeled AA utilized as marker makes the single-pool concept not totally de fensible (Fern et al. 1985) .
These drawbacks concern the estimation of the ileal flow and true digestibility of total N. A further problem arises when the values are extrapolated to each AA. The AA profile is determined under protein-free condi tions, and an assumption is made that it is identical to that obtained under normal feeding conditions. It is not, as illustrated by the huge flow obtained for proline (Table 3) . Moreover, a single coefficient is applied to convert the total N flow to that of each AA, whereas the endogenous/dietary ratio is normally not the same for each AA, as demonstrated with the I5N-labeled diet (Table 3) .
This problem of extrapolation could be reduced if N-free diets were supplemented with highly digestible proteins to stimulate the secretions and with dietary factors that induce an increase in endogenous losses (Leterme et al. 1996a and 1996b) . As far as fibers are concerned, wood cellulose is not suitable because it has no effect on ileal endogenous N flows, compared with other fiber sources. In a recent experiment (Let erme et al. 1996c), we supplemented an N-free diet with egg yolk proteins and pea inner fibers and ob served an increase in ileal endogenous N losses (3.66 g N/kg dry matter intake) compared with that obtained with the classic N-free diet method. Such improve ments can help to reduce the inaccuracies associated with the use of the combination of the [LSN]leucine infusion and the N-free diet techniques.
Finally, the increasing use of 15N-labeled dietary pro teins in pig and human nutrition research aims to dis tinguish between dietary and endogenous N or AA along the digestive tract. The question of recycling has never been raised before, whereas the present data sug gest that it reduces the usefulness of the technique. Some 15N is incorporated into endogenous secretions before digesta can be collected at the ileum level. Thus, the distinction is possible only during a limited period of time. Such limitation prevents us from measuring the total ileal endogenous AA losses. On the other hand, the results of true AA digestibilities obtained with ileal digesta collected 4 to 8 h postprandially were only slightly lower than those obtained with the [15N]-leucine infusion technique coupled to the protein-free diet. This observation suggests a low contamination of the endogenous N compounds of the ileal digesta by 8 h of collection. However, the method used as a refer ence also needs some improvement. In light of the pres ent data, it seems that the accuracy of results will de pend on meaningful estimates of AA flow during a lim ited window of opportunity and accurate estimates of 15N in AA. Further experiments should provide more information on both 15N enrichment and the amount of each endogenous secretion in the ileal digesta follow ing an 15N-labeled meal.
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